Compilation of temperature data from stations throughout the western conterminous United States and calculations of terrestrial lapse rates relative to the Pacific Coast indicate that terrestrial lapse rates for most stations are significantly less than the putative worldwide mean of 5.0-6.0 °C/km. Terrestrial lapse rates for stations in specific physiographic provinces typically decrease with decreasing latitude for a given altitude and decrease with decreasing altitude for a given latitude. The major exception to these decreases is in terrestrial lapse rates for intramontane basins within the Rocky Mountains, which show basically no latitudinal or altitudinal change in rate.
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INTRODUCTION
The solutions to many paleotectonic interpretations depend on the use of valid and reproducible terrestrial lapse rates (Molnar and England, 1990) , which are the rates by which temperature decreases along the Earth's surface as altitude increases. If mean annual temperature can be estimated for a fossil assemblage in an area of unknown altitude and also for an isochronous coastal assemblage, then a simple calculation using the appropriate terrestrial lapse rate should provide a paleoaltitudinal estimate for the area of unknown altitude; this is the basis for the methodology developed by Axelrod ( 1966) . One problem with this methodology, however, is the assumption that in almost all instances a terrestrial lapse rate of 5.5 °C/km is valid.
As emphasized by Meyer ( 1986) , terrestrial lapse rates can significantly vary from the putative worldwide mean of 5.5 °C/km, especially relative to the increase in mean annual temperature on large massifs. Meyer's (1986) approach to paleoaltitudinal estimates introduces complexities such as calculating a hypothetical sea-level temperature in the area of the unknown altitude. This approach, which also ignores data from regions such as the Columbia Plateaus and Great Basin, is perhaps overly complicated and provides little assurance that a local terrestrial lapse rate in a particular mountainous area can be extended back into the Tertiary.
differences between coastal and upland and (or) interior areas, which is the basis for the methodology proposed by Axelrod (1966) . I have, moreover, included all lower altitude, interior stations, most of which were excluded by Meyer (1986) ; such sites probably are present in topographic analogues of Tertiary depositional basins, which are basic to paleoaltitudinal estimates.
For discussions of various aspects of the topics discussed and for offering comments and suggestions on the manuscript, I thank Peter Molnar (Massachusetts Institute of Technology), Judith Totman Parrish (University of Arizona), and Robert A. Spicer (Oxford University).
METHODOLOGY
The basis for my derivation of modern terrestrial lapse rates is ( 1) estimation of coastal temperatures by smoothing the actual data set from stations (see next section), (2) calculating the difference in mean annual temperature between an interior and (or) upland station and the coast at the same latitude, and (3) dividing the temperature difference (in degrees Celsius) by the altitudinal difference (in kilometers). I converted the temperature data, which are given in various publications of the National Oceanic and Atmospheric Administration's Climatic Data Center (or its predecessors), from degrees Fahrenheit. Stations that recorded temperatures for 10 years or less were generally excluded, although, because of the sparsity of high-altitude data, data from some high-altitude stations that recorded temperatures for 8-10 years were included. Grouping of the stations into physiographic subdivisions (plate 1) generally follows Lobeck ( 1950) . Some minor differences between Lobeck's subdivisions and those employed here are noted in the following discussions; for example, I extended the Cascade-Sierra boundary southward to about lat 40° N., from near lat 42° N.
PRESENT-DAY TERRESTRIAL LAPSE RATES

Coastal Temperatures
Calculation of a terrestrial lapse rate partly depends on coastal temperature at the same latitude as the interior station, and determination of coastal temperature is not as simple as might be thought. Along the coast of Oregon and Washington, temperature does not increase at an absolutely uniform rate if stations are ordered from north to south (appendix 1). If temperatures are plotted against latitude, temperature generally increases from north to south ( fig. 1) . A best-fit line drawn through the plots indicates that temperature increases 2.3 °C from north to south; that is, a latitudinal temperature gradient of approximately 0.33 °C per degree of latitude. Data from outer coastal stations of British Columbia also fit this gradient, but data from outer coastal southeastern Alaskan stations (north of lat 55° N.) indicate a higher gradient of about 0.50 °C per degree of latitude.
Between lat 38° and 42° N., coastal temperature apparently is unrelated to latitude; a best fit, based on only eight stations, suggests a constant temperature of about 11.8 °C. Between lat 37° and 38° N., temperature increases to about 13.6 °C and then very gradually increases to about 14.0 oc just north of Point Arguello and Point Concepcion.
Another marked increase occurs just southeast of Point Concepcion; excluding urban airport temperature data, temperature levels off at about 15.8 °C from just north of Los Angeles to the Mexican border. Note that temperatures from land forming points extending into the Pacific Ocean are anomalously low.
The stepwise pattern of the gradient in mean annual temperature along the California coast is not mirrored by data from more interior stations. Stations at given altitudes in the Sierra Nevada, for example, have temperatures that increase at a uniform rate from north to south. If, however, the latitudinal temperature gradient that was suggested between lat 42° and 55° N. is extended southward ( fig. 1 ), the gradient intersects the actual best-fit lines at two points and would intersect the line again just south of the Mexican border. This extension smooths irregularities in coastal California temperature caused, at least partly, by the irregular width of the continental shelf and by upwelling. This smoothed latitudinal temperature gradient is used in this report for calculating terrestrial lapse rates in the western conterminous United States.
Embayments and Large Valleys Opening to the Coast
Mean annual temperatures in embayments and large valleys near the coast are uniformly higher than temperatures on the coast (table 1) , and thus some terrestrial lapse rates are negative. Although winter temperatures are somewhat lower than on the coast, markedly warmer summer temperatures result in a net increase in mean annual temperature. Values of negative lapse rates are highly dependent on altitude; on plate 1, the actual difference in mean annual temperature between the coast and interior stations for stations that are warmer than the coast is given rather than the lapse rate.
In the Pacific Northwest, mean annual temperatures are elevated more along the shores of the Puget Sound than in the Willamette Valley relative to coastal temperature. Although the Willamette Valley is heated more than the Puget Sound area in the summer, temperatures in the Puget Sound area are relatively higher in the winter. In near- 13.5 13.5 13.6 13.5 coastal basins, presence of a significant marine embayment increases mean annual temperature more than in nonmarine basins. A similar relation occurs between stations around San Francisco Bay and stations in the Los Angeles basin relative to actual coastal temperatures, although urban heating in these two areas makes conclusions based on temperature data from these areas somewhat uncertain. The Sacramento and San Joaquin Valleys (here collectively referred to as the Great Valley) are more distant from the coast than the basins just discussed and are isolated from the coast by almost continuous mountain ranges whose divides are about 800 m high. Summer heating in the Great Valley is great and results in mean annual temperatures 3-4 oc higher than smoothed coastal mean annual temperatures. Mean annual temperatures are at or above sea-level temperatures (and hence terrestrial lapse rates are negative) to an altitude of about 800 m on slopes above the Great Valley. During most of the Tertiary the Great Valley was at least partially inundated by marine waters through various straits. By analogy with the Puget Sound-Willamette Valley relation, these shallow extensions of marine waters may have resulted in an even greater elevation of mean annual temperature than today. During high stands of sea level, however, the Coast Ranges would have stood relatively lower, and summer heating in interior valleys was perhaps not as great as today.
Coastal Mountains
Except east of San Diego, meteorological data from even moderate altitudes in coastal mountains are sparse (appendix 2); most stations are in valleys within the Coast Ranges and generally have mean annual temperatures higher than the coastal mean annual temperatures and thus have negative terrestrial lapse rates (table 2) . From the limited data, valleys within the Coast Ranges have mean annual temperatures that reflect primarily latitude; temperature generally increases as latitude decreases but decreases with altitude only in the north and then only slightly. The southward increase in mean annual temperature is more than would be expected from the southward increase in mean annual temperature along the coast; that is, the farther south the valley, the more mean annual temperature increases relative to coastal mean annual temperature. The very limited data from altitudes greater than 800 m in the Coast Ranges show no significant differences in terrestrial lapse rates as compared with stations of similar altitudes in the Cascade Range and Sierra Nevada (table 3) . However, the obvious decrease in terrestrial lapse rates from north to south is probably related to the increase in mean annual temperatures in the valleys of the Coast Ranges.
Cascade Range and Sierra Nevada
The Cascade Range forms an almost continuous north-south barrier northward from lat 40 °N. to north of lat 49° N., where the range merges with the British Columbia Coast Ranges. The only gaps in the Cascades are formed by the westward-flowing Columbia River between Oregon and Washington and the southwestward-flowing Klamath and Pit Rivers in northern California. Although two peaks are slightly higher than 4,000 m altitude, most are about 2,700-3,400 m high. These peaks are typically widely separated, and the divides between are about 1,200-1,500 m high. Except for three stations, the Cascade stations are at or below the divides (table 4, appendix 3).
North of lat 46° N. (most of the Washington Cascades), terrestrial lapse rates are uniformly high for altitudes greater than 700 m on both windward and leeward slopes of the Cascades (appendix 3). On the windward side, the seven Washington stations at altitudes greater than 900 m have a mean lapse rate of 4. 7 °C/km in contrast to 4.3 °C/km for the four Oregon stations at altitudes greater than 900 m and north oflat 43° N. On the leeward slope the relation is similar: the 13 Washington stations at altitudes greater than 500 m have a mean lapse rate of 4.4 °C/km in contrast to 3.8 °C/km for the 6 Oregon stations. South of lat 43° N., lapse rates on both windward and leeward slopes of the Cascade Range are lower than those north of lat 43° N. Thus, terrestrial lapse rates on both the windward and leeward sides decrease as latitude decreases, and leeward lapse rates generally are lower than windward lapse rates.
The Sierra Nevada markedly increase in altitude from north to south. The divides in the northern part are at about 1,400 m altitude, and, at the latitude of Yosemite (about 38° N.), the divides are at about 2,900 m. To the south, the Sierra Nevada divides are higher than 3,000 m, and peaks include Mt. Whitney ( 4,417 m). Many of the stations are in valleys cut into the the western slope, but some stations are at or near the crest of the Sierra; no data are available for the highest parts of the Sierra south of Yosemite.
The pattern of southward decline of terrestrial lapse rates continues in the Sierra Nevada. Only two stations have a lapse rate that exceeds 3.8 °C/km (appendix 4), and one of these (Lodgepole) is in a small basin that apparently traps cold winter air (the winter temperatures at Lodgepole are consistently lower than those at nearby Grant Grove at about the same altitude). Lapse rates markedly decrease at altitudes of less than 1 ,800 m, and, as noted previously, negative lapse rates generally prevail below 800 m.
The Cascade-Sierra data indicate that terrestrial lapse rates on both windward and leeward sides decline from north to south, but the decline is greater on descending the leeward slopes of the ranges (table 5) . With an altitudinal decrease of only 200 m, some lapse rates decline by more than 1.0 °C/km, and the rate of decrease continues to decline at an even greater rate as altitude decreases. A basin to the leeward of a mountain range and only a few hundred meters lower in altitude than the divides of the range will have mean annual temperatures significantly higher than at the same altitude on the windward side. Lapse rates can, however, increase immediately leeward of the divides of a range before markedly declining. This phenomenon occurs, for example, immediately east of the Cascade Range in Washington (compare summit lapse rates of Snoqualmie and Stevens Passes with the lapse rate of Lake Keechelus) and immediately east of the Sierra Nevada in California (compare near-summit lapse rates of Sierraville RS and Ellery Lake with lapse rates of Boca and Bodie, respectively). 
Rocky Mountains
The Rocky Mountains almost meet the northern part of the Cascade Range in northern Washington and from there extend markedly southeastward. They comprise a series of ranges that generally increase in altitude from near the Canadian border to a maximum altitude in Colorado. South of Colorado, the Rockies decrease in altitude and lose their identity in New Mexico. The Central and Southern Rockies are separated by a large intramontane basin in southern Wyoming.
Divides in the Northern Rockies are 1,500-2,000 m high but are as high as 2,400 m in the Central Rockies. Similarly, few peaks in the Northern Rockies are higher than 3,000 m, but in the Central Rockies some peaks are 4,000 m high. In the Southern Rockies of Colorado, divides typically are higher than 3,000 m and many peaks are higher than 4,000 m. In northern New Mexico, the Rockies are generally lower; only one peak of the Sangre de Cristo Range is 4,000 m high, and south of Albuquerque none of the peaks east of the Rio Grande is as high as 3,000 m. The Continental Divide is west of the Rio Grande in the northern part of New Mexico and some peaks are as high as 3,000 m. The high ranges are, however, interrupted by an extension of the Colorado Plateau between lat 35° and 36° N., where the Continental Divide is about 2,200 m high. The divide then follows a series of mountain ranges in the western New Mexico, where a few peaks are more than 3,000 m high. South of lat 33° N., the altitude decreases sharply, and the Continental Divide is less than 1,400 m high. The Rocky Mountain data (appendix 5), similar to the Cascade-Sierra data, indicate a decline in terrestrial lapse rates from north to south (table 6); note that appendix 5 excludes all stations in intramontane basins (which section see later). Also excluded are data from the adjacent intermontane plateaus such as the Columbia Plateau, Snake River Plain, and Colorado Plateau. At the higher altitudes, lapse rates in the Rocky Mountains are generally similar to those at the same latitudes and altitudes in the Cascade Range and Sierra Nevada. The Northern Rockies have uniformly high lapse rates throughout their altitudinal range, but lapse rates for the Central Rockies are lower at lower altitudes as are those for the Southern Rockies. Note, however, that lapse rates apparently also are low for the highest altitudes in the Southern Rockies.
Intermontane Plateaus
An extensive area between the Cascade Range and Sierra Nevada on the west and the Rocky Mountains on the east is occupied by plateaus. In the Pacific Northwest, these mostly comprise the Columbia Plateaus, which can be further subdivided into smaller physiographic units; most of these plateaus are about I ,000 m high, but that part of the Snake River Plain near the Northern and Central Rockies is more than I ,500 m high. The northern edge of the Great Basin is in southern Oregon and Idaho; although not normally called a plateau because of its predominantly internal drainage and many mountain ranges, the core of the Great Basin (see plate 2) is basically a high (1,800-2,000 m) and rugged plateau that extends south to about lat 36° N.; this plateau is flanked on both its western and eastern sides by low basins that have altitudes of less than I ,300 m. To the east of the southern half of the Great Basin, the low basin is flanked by the rugged, mountainous western margin . At higher altitudes of the plateau, the lapse rate is half that for the same altitudes on the windward side of the Cascade Range, although lapse rates for stations in the mountains that rise from the plateau (Ochoco, Blue, and Wallowa Mountains, appendix 7) are comparable with those for the Cascades. Altitudes of less than 400 m on the Walla Walla Plateau generally have mean annual temperatures near or higher than mean annual temperatures on the coast. The Snake River Plain of the Columbia Plateaus similarly has lower lapse rates than at comparable altitudes on the windward slopes of the Oregon Cascades; the lower part of the Snake River Plain has particularly low lapse rates. Comparing data from the more northern Walla Wa11a Plateau with data from the Snake River Plain, lapse rates decline at comparable altitudes from north to south. In both regions lapse rates also decline as altitude decreases.
In the Great Basin, as on the Columbia Plateaus, terrestrial lapse rates decrease southward and as altitude decreases (table 8, appendix 8). In the central plateau region of the Great Basin, however, the decrease as altitudes decrease is not pronounced or even certain. Stations at altitudes of 1,600-2,200 m in the northern half of the Great Basin have a mean lapse rate of 2.7 °C/km and in the Colorado Plateau 
Major River Canyons and Valleys
The two major rivers of the west-the Columbia and the Colorado-flow from deep within the North American continent and cut into the Columbia and Colorado Plateaus, 
I ntramontane Basins
In the initial stages of this study, many stations in the Rocky Mountains appeared to have anomalously low terrestrial lapse rates. For example, some stations in the Northern Rockies of western Montana, an area for which lapse rates are generally greater than 4.0 °C/km, have lapse rates as low as 2.3 and 2.5 °C/km. When the topographic settings of these anomalous stations were investigated in detail, they invariably were in basins and (or) river valleys within the mountains. Large, obvious intramontane basins (for example, Bighorn, Shoshone, and Wyoming Basins) produce similarly anomalously low lapse rates (table II, appendix I 0).
Analysis of the terrestrial lapse rates in these intramontane basins (table I I) produced two surprising inferences. Unlike the lapse rates of the adjoining mountains and the intermontane plateaus, the lapse rates in the intramontane basins neither decrease as altitude decreases nor decrease from north to south. Within a given basin, moreover, no obvious correlation of lapse rate with altitude is apparent (table 12) , although some stations at the lower altitudes within a basin have a relatively high lapse rate (presumably because of trapping of cold air). Not all definite intramontane basins have low terrestrial lapse rates. For example, a few western Montana stations (Lincoln RS and Drummond AP, appendix 5), some stations in the Gunnison River Valley of Colorado (Cochetopa Creek and Gunnison, appendix 5), and the single station in North Park, Colorado (Fraser, appendix 5), have lapse rates as high as those of stations in nearby mountains. However, the proximal surrounding mountains are only a few hundred meters higher than the basins.
A high degree of protection afforded by the surrounding mountains probably is the critical factor in the development of anomalously high mean annual temperatures and consequently low lapse rates, as shown in the following examples.
1. In the Gunnison River Valley, a third station, Sapinero 9W, is situated 400 m higher than Cochetopa Creek and Gunnison in a tributary valley on the north side of the Gunnison Valley; Sapinero 9W has a lapse rate of 3.5 °C/km, compared with 4.4 °C/km for the other two stations.
2. The broad San Luis Valley of southern Colorado has a high mean terrestrial lapse rate compared with the adjacent upper Rio Grande Valley at Taos, New Mexico. The only significant physiographic differences between the two basins, which are at almost the same altitude, are (a) the Taos area is slightly farther south and (b) an east-west spur of the Sangre de Cristo Mountains extends across the valley separating the two basins and adding protection for the Taos area from arctic air masses. These examples strongly indicate that a barrier that blocks arctic air masses is the critical factor in elevating mean annual temperature and thus lowering lapse rate.
Throughout the Rocky Mountains, terrestrial lapse rates of stations in intramontane basins are significantly lower than lapse rates in adjacent mountains (table 13) . Although montane lapse rates decrease as latitude decreases, montane and intramontane lapse rates are less 
High Plains
In 
Summary of Terrestrial Lapse Rates
On plate 2, highly diagrammatic profiles of altitude and mean annual temperature are shown for several latitudes in the western conterminous United States. The scales were selected to exaggerate topography and, at the same time, to illustrate the departure in terrestrial lapse rate in the western United States from a "standard" lapse rate of 5.0 °C/km. If a rate of 5.0 °C/km is basic to the western United States, then the altitude and mean annual temperature profiles should coincide; a higher lapse rate would result in the temperature profile plotting above the altitude profile.
The profiles on plate 2 show that, except for the High Plains of northeastern Montana, terrestrial lapse rates only approach 5.0 °C/km in the mountains just south of the Canadian border. Even for this northernmost profile, significant divergence of the altitude and the temperature profiles are in the Puget Sound, Walla Walla Plateau, intramontane basins of the Rocky Mountains, and the eastern part of the High Plains. In the more southern profiles, divergence of the altitude and temperature profiles is progressively greater. Land areas that have mean annual temperatures higher than coastal temperatures at the same latitude also are progressively larger to the south; for the majority of the land along the most southerly profile mean annual temperature is higher than coastal temperature.
INTERPRETATION Factors Affecting Present-Day Terrestrial Lapse Rates
The trends in terrestrial lapse rates for the High Plains data can be readily correlated with greater incursions of frigid arctic air during the winter relative to incursions of warm air from the Gulf of Mexico or incursions of air masses from the Pacific, which may be cool but are rarely frigid. Because the altitude of the High Plains varies little, latitude is the controlling factor in mean annual temperature and thus lapse rate. In mountains and intermontane plateaus (and their major rivers), the influence of arctic air masses is greatest to the north and at higher altitudes. The intramontane basins, however, typically are shielded from arctic air incursions and thus show little (or no) altitudinal or latitudinal change in lapse rate.
As noted previously, basins to the leeward of mountains that extend only a few hundred meters above the basin have lower terrestrial lapse rates relative to comparable altitudes on the windward slope of the mountains. The summer heating in these basins results in a net gain in mean annual temperature that more than compensates for the blocking of incursions of milder maritime air during the winter. This relation is not peculiar to the western conterminous United States. Preliminary analysis of data from Asia show a similar relation (table 14) . Both the Asian and North American data suggest that leeward basins heat so much that areas at altitudes of less than about 1 ,000 m have mean annual temperatures higher than temperatures at sea level at the same latitude. The Asian data also suggest that, at the same altitude, the farther into the interior of the continent the greater the heating in terms of mean annual temperature. The Asian data, similar to the U.S. data, are almost certainly influenced by the frigid air masses from Siberia and the Arctic. The elemental terrestrial lapse rate for the intermontane plateaus in the western conterminous United States is certainly less than 3.0 °C/km; lapse rates for all the stations except a few on the highest parts of the Snake River Plain are below this value. A value of about 2.0-2.5 °C/km is probably the best estimate for the elemental lapse rate and today is more common in the more southern and (or) lower parts of the intermontane plateaus; that is, where arctic air masses are least influential. In the most southern areas of the intermontane plateaus, where air masses from the Gulf of California and adjacent Pacific Ocean are more dominant, a lapse rate of 1.5-2.0 °C/km may be more appropriate.
As emphasized by Meyer (1986) , areally extensive mountain masses can markedly lower terrestrial lapse rates from the "normal" rate of 5.5 °C/km. These major massifs can be either in the interior of a continent, as in the instances of the Rocky Mountains and adjoining plateaus and the Tibetan and adjoining plateaus, or at the the western margin of a continent, as in the instance of the Andes (table 15) . Almost all the stations in such areas are in river valleys; lapse rates on mountains proximal to these stations are unknown, but at the very least the Asian and South American lapse rates are consistent with the low lapse rates obtained for Rocky Mountain intramontane basins.
The mean terrestrial lapse rate of 3.06 °C/km calculated for intramontane basins of the Rocky Mountains may be somewhat too high. Although all obvious contaminants (data from basins that are strongly influenced by arctic air masses) were removed from the basis for this calculation, some contamination may remain such as, for example, some of the sites in exposed locations in the San Luis Valley of Colorado and especially stations in more exposed river valleys in the northern part of the study area. If these stations are removed from the intramontane database, the mean lapse rate is 2.95 °C/km. This value is probably close to the elemental lapse rate for the Rocky Mountain region. It is also slightly lower than the lapse rate for the highest altitudes in the Rocky Mountains south of lat 36° N., where arctic air masses are least influential. The elemental terrestrial lapse rate for mountains in the Pacific States may also be about 3.0 °C/km. The influence of arctic air masses on the highest altitude Sierran stations is shown by data for Bodie ( 4.2 °C/km, altitude 2,551 m) and Boca (4.2 °C/km, altitude 1,699 m), both of which are on mountains just east of the Sierra Nevada divide. In contrast, lapse rates for many higher altitude, windward-slope stations in the Sierra Nevada are Jess than 3.0 °C/km; these stations are sufficiently distant from the Sierran divide to be little influenced by arctic air masses, except for the rare arctic air masses that move down over Alaska and along the Pacific Coast.
Mean annual range of temperature is low on the windward side of the Washington Cascades (about 15-18 °C), where lapse rates are high. On the other hand, mean annual range of temperature is high on the High Plains of Montana just east of the Rocky Mountains, where lapse rates are low. Lapse rates are consistently high in coastal eastern Asia, whether north of lat 40° N. (mean annual range of more than 30 °C) or on Taiwan (mean annual range of less than 10 °C). Thus, mean annual range of temperature probably has no correlation with terrestrial lapse rates, although such a correlation has been previously suggested (Axelrod, 1966) .
Application to Paleoaltitudinal Estimates
My primary concern in this report is to provide the basis for calculating valid estimates of paleoaltitudes for the many Tertiary leaf assemblages in the western North America. That the influence of arctic air masses has a major influence on present-day lapse rates in the western United States is clear. How far back into the Tertiary is this influence applicable?
The primary factor in producing frigid arctic air and its movement out of the Arctic is a frozen Arctic Ocean. All evidence indicates that the Arctic Ocean had no ice cover until perhaps the late Pliocene (Clark, 1982) . Prior to that time, low-pressure systems probably developed during the winter over the Arctic. A secondary but still significant factor is the development of the "Siberian Express," a high-pressure system that develops over Siberia during the winter and is blocked by the Tibetan Plateau from moving south in Asia, thus breaking out over the Arctic and southward into North America. Until the collision of the Indian and Asian plates and subsequent uplift of the Himalayas and Tibetan Plateau (Miocene and Pliocene?), cold Siberian air would have gradually flowed south over Asia and not over North America. Thus, the major factors that contribute to present-day high terrestrial lapse rates in the western conterminous United States probably were not operative until the late Tertiary. Using present-day terrestrial lapse rates significantly increases previous paleoaltitudinal estimates for Tertiary plant assemblages known from the western United States, whereas using the terrestrial lapse rate of about 3 °C/km suggested here as basic to the western United States would increase these estimates by a factor of about two.
A major boundary condition that influences the climates of the western United States is upwelling along the Pacific Coast. In part, strong upwelling is a function of the latitudinal position of the continental shelf and the narrower the shelf the more upwelling influences land climate. Since the North Atlantic rifted apart during the Cretaceous, the continental shelf on the Pacific side has been in a position favorable for upwelling (Parrish and Curtis, 1982) and, being the leading edge of the continent, probably was narrow. Marine diatomaceous sediments, evidence for significant upwelling, are found in California in rocks of latest Cretaceous age and throughout most of the Tertiary section (Hein and Parrish, 1987) . Thus, the boundary condition of significant upwelling along the Pacific Coast was probably present throughout most, if not all, of the Tertiary.
That the western conterminous United States has had at least moderate altitude (and hence low terrestrial lapse rates) since at least some time in the early Tertiary is highly probable. If the estimates of mean annual temperatures given by MacGinitie (1953) for the interior Florissant assemblage (18 °C, about 35 million years old) and by Pot bury ( 1935) for the near-coastal La Porte assemblage (24 °C, about 33 million years old) are accepted as valid, then the altitudinal difference between these two assemblages was about 2,000 m because the Florissant lake beds were clearly deposited in an intramontane basin. Application of the recently developed multivariate physiognomic analysis (Wolfe, 1990a, b) results, however, in mean annual temperature estimates of about 20 °C and about 12 °C for the La Porte and Florissant assemblages, respectively; an altitudinal difference of about 2,700 m is more probable (or even 2,900 m if sea-level differences are factored in); a minimum altitude of 2,700-2,900 m for the Florissant is somewhat higher than the altitude of 2,450 m inferred by Meyer ( 1986) but is basically indistinguishable from the present-day altitude of 2,600 m.
The Cascade Range has been an active area of volcanism since at least the Eocene (Peck and others, 1964) ; although the range was undoubtedly lower than now during much of the Tertiary, even low ranges will increase leeward mean annual temperatures. The presence of Eocene and younger gravels in the Sierra Nevada indicates some altitude for this range as well. Whether, however, the Sierra Nevada were the the western flank of an upland region or extended somewhat above the upland has not been determined. Note the major difficulty created if the Great Basin were at an altitude of less than 1,000 m during the Miocene. If coastal mean annual temperatures were 2-3 °C or more above pre"ent-day levels and even if the Sierra Nevada were considerably lower than present, the low altitude of the Great Basin combined with the increase in mean annual temperature resulting from a leeward positioning would create an area of intense heating, much as the Sonoran Desert is heated today. Mean annual temperature in the Great Basin at altitudes lower than 1,000 m would certainly have been at least as high as coastal mean annual temperature (about 15 °C) and could have approached 20 °C! Another point that I emphasize is that most post-Paleocene Tertiary plant assemblages from the noncoastal western conterminous United States represent deposition in areas that today have terrestrial lapse rates significantly lower than the "normal" lapse rate of 5.5 °C/km. This is particularly true for assemblages from the Neogene of Nevada (Great Basin) and the Columbia Plateaus. Many of the Columbia Plateaus Neogene assemblages, moreover, are from deposits associated with large rivers, along which lapse rates may even have been negative despite altitudes of several hundreds of meters. Many of the interior Paleogene assemblages are from obvious intramontane basins, some small (Republic and.Ruby) and some large (Powder River, Green River, and Bighorn). Application of a "normal" terrestrial lapse rate will significantly underestimate paleoaltitudes, even if valid mean annual temperatures are inferred for both coastal and interior assemblages. Molnar, Peter, and England, Philip, 1990 
